This report is concerned primarily with the effect of sound intensity on the respiratory response in newborn infants. Each of 9 infants between the ages of 2 and 5 days was presented repeatedly with a 5-sec. duration white noise stimulus varying in intensity from 55 to 100 db., while cardiac and respiratory activities were continuously recorded. In general, the response to a sound stimulus consisted of a progressive decrease in respiratory cycle length, reaching a minimum, then a subsequent return toward the prestimulus cycle length. Increasing sound intensity resulted in a decrease in the time to peak and a greater magnitude change in the peak and return portions of the response. In addition, increased stimulus intensity produced an increase in the slope of the regression line between response magnitude and the prestimulus respiratory cycle, as well as an increase in the variability around this line. There was a tendency for the respiratory response measures at 85 db. to allow prediction of those at 100 db. The first respiratory cycle following the onset of stimulation was generally longer than the prestimulus cycle for low intensity sounds and shorter for the more intense sounds. Respiratory response measures were generally not predictive of the comparable cardiac rate measures.
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Although a number of studies have Received for publication Apr. 8,1968. demonstrated that neonatal respiratory activity is influenced by auditory stimulation, few data are available on the effect of sound intensity. In an early report, Stubbs 2 noted that increasing sound intensity resulted in an increase in the frequency of those respiratory responses characterized by an increase in rate and a decrease in amplitude. Furthermore, greater increases in respiratory rate were elicited by the more intense sounds. However, Suzuki et al. a failed to observe a significant effect of sound intensity on the frequency of respiratory rate changes.
It is the purpose of this report to present data on the effect of sound intensity on the respiratory response of neonates as well as the stability of relative responsiveness. Since respiratory and heart rate responses were recorded on the same subjects at the same time consideration also will be given to the relation between these two response systems.
Methods

Experimental Design
Nine term normal neonates (three males and six females) between the ages of 2 and 5 days were studied while partially restrained in an environmentally controlled test room (78-80° F., 40% humidity). Stimulation consisted of a 5-sec. duration white noise covering the frequency spectrum from 20 to 20,000 cps. The sound was produced by a General Radio white noise generator and fed through a 50-w Acrosound amplifier into an 8-in. Utah speaker located beneath the testing crib. Four sound intensities were employed: 55, 70, 85, and 100 db. (re: sound pressure level of 0.0002 dynes per square centimeter) measured at the subject's ear. The background noise level was 47 db.
Each subject was tested following a feeding on three separate sessions lasting approximately 1% hr. The four stimulus intensities plus nonstimulated control trials were presented randomly 15 times during each test session. The interstimulus interval was at least 40 sec.
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Respiration, heart rate, and behavioral activity were recorded. The cardiac rate and behavioral data have been presented in an earlier report. 1 Respiratory activity was obtained by means of a thermistor bead attached to the nares and recorded, in addition to the onset and offset of stimulation, on a multichannel Crass polygraph.
Data Analysis
In general, the response to stimulation consisted of a progressive decrease in respiratory cycle length reaching a minimum, following which it returned to near prestimulus level. Criteria were developed for defining the trend of the initial phase of the response and for extracting from each response trial a number of response curve measures. These consisted of the cycle length, in centiseeonds, immediately prior to stimulation (prestimulus level), the minimum or maximum (depending upon the direction of the response) cycle length in centiseeonds (peak level), and the respiratory cycle length in centiseeonds at the end of the response (return level). The response was considered at an end when the return portion of the response either stabilized or was followed by a reversal in the trend. The peak magnitude was defined as the difference between the peak level and the prestimulus level; the return magnitude was defined as the difference between the peak and return levels. A positive peak magnitude signifies a slowing of respiration, whereas a negative peak magnitude indicates that stimulation resulted in a decrease in cycle length. The temporal aspects of each stimulus response curve were also measured: peak time-time interval, in tenths of a second, from stimulus onset to the peak level; return time-time interval, in tenths of a second, from peak level to the return level.
In an earlier study, it was observed that both peak and return magnitudes were linearly related to the prestimulus level. 4 This observation was confirmed in the present study. Consequently, a regression model was employed in which a best-fit line was obtained for each subject and experimental condition, and several subject response measures were computed: the slope (b vx ) of the regression of magnitude change (Y) on prestimulus respiratory cycle length (X); the variability around this regression line (S,*); the average response at the longest prestimulus respiratory cycle and while behaviorally asleep (Y x min .), and the average response at the mean prestimulus level (Y x "",""). The latter two measures were obtained from the regression line.
The time parameters were not related to the prestimulus level. Thus two statistical measures were obtained for each subject and experimental condition: mean and standard deviation of the log transformed time scores.
A second method of data extraction was also employed. This consisted of measuring the duration of the first respiratory cycle following stimulus onset. A respiratory cycle was accepted as the first cycle if at least three-fourths of the cycle occurred after the onset of stimulation. If the cycle occurring at the moment of stimulation did not fulfill this criterion, the next respiratory cycle was selected.
Results
Respiratory Time Measures
The average peak and return log time for the group are presented in Fig. 1 . In general, peak time decreased, and return time increased as the sound intensity was increased. An analysis of variance resulted in statistical significance (p < 0.01) for peak time but not for return time.
The variability of the time scores was not significantly influenced by sound intensity (Friedman's two-way analysis of variance 5 ). Table 1 contains the average or summary statistic for each of the subject magnitude response measures. An examination of this table reveals that increasing stimulus intensity is associated with an increase in S yx and the absolute values of b yx , Y x mln ., and Y x ",,,"" for both the peak and return magnitudes. Statistical analysis resulted in significance for all of the response measures except peak magnitude S yx .
Respiratory Magnitude Measures
Habituation
The effect of repeated stimulus presentation on the response was studied by transforming each response magnitude to a Z-score employing the appropriate regression line (response magnitude vs. prestimulus cycle length) obtained for each individual and intensity condition. Examination of these Z-scores, both intraindividual and group, failed to reveal any consistent trend due to trial number. A similar evaluation was made of the time measures. Once again, no effect due to trial number could be identified.
Stability of Subject Response Measures
The stability of relative responsiveness was evaluated by obtaining correlation coefficients between each combination of stimulus intensities for each subject response measure. The Pearson productmoment correlation coefficient was determined for all subject response meas- There is the suggestion that relative responsiveness at 85 db. is predictive of responsiveness at 100 db.: 4 coefficients were statistically significant (peak magnitude: Y x ",,". = 0.85, b vx = 0.74; return magnitude: b yx = 0.64; return time: mean = 0.71). In addition, two subject response measures yielded positive coefficients just short of significance (return magnitude: Y x ,"!".; peak time: mean). Thus of 10 coefficients obtained between the 85 and 100 db. levels, 6 were either significant or approached significance. Or interest, the remaining nonsignificant 4 coefficients concerned the variability response measures.
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Respiratory vs. Cardiac Response Measures
The predictability of cardiac rate or respiratory cycle responses from a knowledge of the other was studied in two ways. In the first, intraindividual correlations were obtained for each subject and stimulus level between comparable stimulus response measures (i.e., heart rate peak magnitude vs. respiratory cycle peak magnitude) obtained from the same stimulus trial. The second (interindividual) approach consisted of correlating comparable subject response measures (i.e., heart rate peak magnitude Y x m)n . vs. respiratory cycle peak magnitude Y, ",".). Table 2 contains the average intraindividual correlation coefficient. 8 Although two of the coefficients (prestimulus and peak magnitude at 100 db.) are statistically significant, none are of any practical significance.
A total of 48 intraindividual correlation coefficients were determined, and only 5 were statistically significant (p < 0.05). There was no apparent pattern to the distribution of the significant coefficients.
First Respiratory Cycle
A difference score was obtained for each stimulus trial by subtracting the duration of the prestimulus cycle from the first respiratory cycle following the onset of stimulation. Thus a positive score would indicate a slowing of respiration whereas a negative score, the reverse. These scores were analyzed in two ways.
The first consisted of deriving for each subject and experimental condition the percentage of trials in which the difference score was positive. These percentages were then subjected to an arc sine transformation. Table 1 contains the group average arc sine transformed score for each experimental condition. Examination of this table reveals that the 55 and 70 db. sound levels resulted in a greater percentage of positive scores when compared to the control condition, whereas the 85 and 100 db. levels had a smaller percentage of positive scores.
The data were also analyzed by considering the absolute difference score. Averages were obtained for each subject and experimental condition, and acrosssubject averages were computed. The across-subject averages are also presented in Table 1 . Consistent with the results obtained in the previous analysis, the averages for the 55 and 70 db. levels were more positive when compared to the control trial and the 85 and 100 db. levels actually negative. An analysis of variance, however, failed to result in a significant condition effect.
Discussion
The respiratory response to an auditory stimulus is clearly related to the respiratory function at the onset of stimulation. For every intrasubject comparison, except one, there was a statistically significant negative linear regression between peak magnitude and prestimulus respiratory cycle length. Examination of the individual regression lines revealed that stimulation produced a decrease in respiratory cycle length when the prestimulus cycle length was long and an increase in cycle length when the prestimulation cycle length was short. These observations confirm those obtained in a previous study on neonates. 4 Failure to consider the prestimulus respiratory cycle could lead to contradictory conclusions. Neither Eichorn 7 nor Stubbs 2 controlled for the effect of prestimulation level on the character of the respiratory response to discrete auditory stimuli. Significantly, Eichorn noted that auditory stimuli tended to produce a decrease in respiratory rate, whereas the data obtained by Stubbs would sug-gest that the most likely response was an increase in rate.
Both the temporal and magnitude characteristics of the respiratory response are influenced by the intensity of sound stimulation. Increasing intensity produced a progressive decrease in the peak time, a tendency for the return time to increase, and an increase in response magnitudes.
The above conclusions were derived from a trend analysis of the response curve. Further insight into the respiratory response of neonates to sound stimuli can be obtained from an examination of the first respiratory cycle following the onset of stimulation. The nature of this latter response appears to be a function of the intensity of stimulation: low intensity sounds produced a prolongation of the first respiratory cycle, whereas intense sounds resulted in a decrease in cycle duration. Rousey et al. s and Poole et al. 9 used essentially the same response measure and also obtained respiratory slowing in their study of older subjects (14-30 years of age). Furthermore, the greatest degree of respiratory slowing was noted at threshold stimulation. It is interesting to speculate, as these authors do, that the slowing is a reflection of attention or the orienting response. However, this hypothesis, when applied to neonates, would appear to conflict with the implications of the obtained cardiac rate response to these same stimuli. Graham and Clifton 10 have argued that the orientation response is associated with cardiac rate deceleration, whereas cardiac rate acceleration is noted during the defense reaction. Neonates respond with cardiac rate acceleration to sound stimuli. It would be possible to resolve this contradiction by hypothesizing not only that the orientation response is poorly developed in the neonate but also that the physiologic correlates of the orienting response are fragmented and not well integrated.
In several respects, sound intensity af-fects the cardiac rate and respiratory response curves in a similar manner. Peak magnitude, return magnitude, and return time for both response systems are increased as the stimulus intensity is increased between 55 db. and 100 db. The two systems, however, do differ in regard to the peak time response measure. For cardiac rate, peak time initially decreased and subsequently increased with successive increases in intensity level. 11 This contrasts with the progressive decrease in the respiratory peak time. Additional differences between the two response systems become apparent when consideration is given to the slopes of the regression of peak and return magnitudes on the prestimulus and the standard error of estimates. The data obtained on cardiac rate failed to reveal a statistically significant effect of sound level on the slope of the regression. However, a significant increase in the comparable regression slopes was obtained for the respiratory data. Furthermore, the standard error of estimate for the cardiac data decreased as the intensity level increased, whereas the reverse occurred for the respiratory data. It appears evident that these two response systems do not necessarily react in a similar manner.
Further support for the relative independence of the cardiac and respiratory responses to stimulation is derived from the failure to find highly significant correlations (intersubject and intrasubject) between the cardiac and respiratory response measures. This failure would appear to be at variance with those observations demonstrating a relation between respiratory activity and cardiac rate. 12 -13 This contradiction is more apparent than real, for these latter studies dealt with the effect of inspiration and expiration on cardiac rate and not on the interrelation of cycle lengths or rate. Our observations are in agreement with those of Engel and Chism, 14 who failed to obtain consistent changes in cardiac rate coincident with experimental variations in respiratory rate.
In the previously reported study on cardiac rate, it was demonstrated that newborn subjects maintain their same degree of relative responsiveness in the face of changes in stimulus intensity. 1 On the basis of these observations, it was anticipated that a similar result would be obtained for respiratory responsiveness. However, the actual results were not so striking. At best, newborns tended to maintain their same degree of relative responsiveness only for the two most intense sound stimuli. Relative responsiveness at 55 and 70 db. was a poor predictor of responsiveness to other sound intensities. A number of factors could be responsible for these contrasting results, including differences in criteria for extracting response curve measures, greater within-subject variability of the respiratory response, and larger between-subject differences on the effect of stimulus change on the respiratory response measures.
In general, the results comparing respiratory and cardiac rate responses to stimulation emphasize the dangers inherent in attempts to generalize relationships derived from one response system to another in the neonatal period. Rather they point to the need for studies on the same subjects in which multiple response systems are simultaneously evaluated.
Summary
The present study was conducted to determine (1) the effect of quantitative variations in stimulation on physiologic responsiveness, (2) the stability of relative responsiveness, and (3) the interrelation between different response systems. Nine normal newborn infants were tested in three identical sessions during each of which four sound intensities (55, 70, 85, and 100 db.) of a 5-sec. duration white noise stimulus plus nonstimulated control trials were presented randomly 15 times. Recordings were made of cardiac rate, respiratory and behavioral activity prior to as well as following the presentation of stimulation. The cardiac rate and behavioral data were presented in a previous report.
The average respiratory response to stimulation consisted of a progressive decrease in cycle length reaching a peak and a subsequent return toward the prestimulus level. Analysis of this response curve consisted of first defining for each stimulus trial the direction of change of the respiratory cycle and then extracting a number of stimulus response measures: prestimulus respiratory cycle length, maximum change in cycle length of the initial phase of the response (peak magnitude), the difference between the peak cycle length and the cycle at the end of the response (return magnitude), time from the onset of stimulation to the peak cycle (peak time), and the time from the peak to the return cycle (return time). Since both peak and return magnitudes were a function of the prestimulus cycle length, a regression model was employed and a best-fit line was computed for each subject and experimental condition. A number of subject response measures were then derived from this regression line: slope of the regression line (b vx ), variability around the regression line (S vx ), the average response at the longest prestimulus respiratory cycle (Y, mln .), and the average response (Y x ram ).
A second method of analysis consisted of comparing the first respiratory cycle following the onset of stimulation with the prestimulus respiratory cycle.
Increasing sound intensity resulted in a significant decrease in peak time and a nonsignificant tendency for return time to increase. In addition, the more intense sounds produced (1) an increase in the absolute value of b, x , (2) an increase in S yx , and (3) a progressive increase in the absolute value of Y x ",!". and YJC me an. Of interest, the first respira-tory cycle following stimulation increased in length for the low intensity stimuli and tended to decrease in length when the more intense stimuli were presented. There was evidence of stability of subject response measures only when the two intense stimuli (85 vs. 100 db.) were compared. Correlation coefficients obtained between the respiratory and cardiac stimulus or subject response measures failed to yield convincing evidence of predictability across response systems.
Similarities as well as differences were noted on the effect of sound intensity on the respiratory and cardiac responses. These observations in conjunction with those previously discussed point to the importance of independent evaluations of different response systems before generalizations are developed. 
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